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Detection of UV-Induced Pigmentary and Epidermal
Changes Over Time Using In Vivo Reflectance
Confocal Microscopy
Maritza A. Middelkamp-Hup1, H.-Y. Park2, Jin Lee2, Barbara A. Gilchrest2 and Salvador Gonzalez1,3
In vivo reflectance confocal microscopy (RCM) provides high-resolution optical sections of the skin in its native
state, without needing to fix or section the tissue. Melanin provides an excellent contrast for RCM, giving a
bright signal in the confocal images. The pigmented guinea-pig is a common animal model to study human
pigment induction and modulation, as its tanning response is comparable to human tanning after exposure to
ultraviolet radiation (UVR). We investigated the applicability of RCM to detecting UVR-induced pigmentary
changes in this model. Animals were exposed to solar simulator radiation for 7 days. RCM was performed
during the irradiation and follow-up period. Compared to non-irradiated skin, an increase in melanocyte size,
dendricity, and number, as well as increased pigment in keratinocytes, was seen in the irradiated epidermis.
Interestingly, these changes could be detected even before a tanning response was clinically visible. UVR-
induced epidermal hyperplasia could also be detected and quantified. In conclusion, in vivo RCM is a sensitive
non-invasive imaging technique that can repeatedly measure epidermal pigmentation and thickness, as
demonstrated in the guinea-pig model. This technique should greatly enhance our appreciation of dynamic
pigmentary changes in human or animal skin over time and in response to specific stimuli.
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INTRODUCTION
In vivo reflectance confocal microscopy (RCM) is a non-
invasive imaging tool allowing visualization of the skin
without tissue alteration, by placing a microscope directly on
the living skin (Rajadhyaksha et al., 1995, 1999b). One
obtains a continuum of en face images with a lateral
resolution of 0.5–1 mm and a section thickness of 3–5 mm,
similar to conventional histology (Rajadhyaksha et al.,
1999b). Because skin can be visualized as many times as
desired without alteration of the tissue, and melanin is the
best endogenous contrast agent of skin appearing bright and
white on RCM images, this technique is ideal to follow
dynamic events pertaining to pigmentation.
The pigmented guinea-pig is a well-established animal
model for human pigmentation, as its skin contains active
interfollicular epidermal melanocytes located in the basal
layer in a similar pattern to human skin (Bolognia et al.,
1990), and tans comparably to humans after exposure to
ultraviolet radiation (UVR) (Imokawa et al., 1986). This animal
model is therefore frequently used to study effects of oral and
topical pigment-modulating agents interfering at different
points in the UVR pigmentation cascade, providing useful
information on pathogenesis and therapeutic options for
pigmentary skin disorders (Imokawa et al., 1986; Allan et al.,
1995; Yoshida et al., 2002; Yamakoshi et al., 2003; Park et al.,
2004). The disadvantage of conventional evaluation is that with
clinical evaluation, subtle changes can be missed, whereas
histological evaluation alters the tissue by removing the
sampled area, preventing serial examination of a single area.
This study investigates the ability of RCM to detect
pigmentary changes occurring in guinea-pig skin during
and after a 1-week exposure to UVR. We conclude that RCM
is a sensitive method to detect both UVR-induced pigmentary
changes in melanocytes and keratinocytes, even when
invisible to the naked eye, and UVR-induced hyperplasia.
RESULTS
Melanocytes and epidermis of non-irradiated skin
A video of the real-time RCM imaging of non-irradiated skin is
provided online (see Video S1 ‘‘Non-irradiated skin’’). Highly
refractile bright dendritic cells are seen in the epidermal basal
layer at an approximate depth of 50mm and identified as
melanocytes based on their morphology and correlation
with deoxyphenyl alanine (DOPA)-stained epidermal sheets
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(Figure 1a). Vertical movement of the laser beam farther down
into the skin revealed dermal papillae surrounded by these
bright dendritic cells, consistent with the known localization
of melanocytes in the basal layer above the dermal papillae
(suprapapillary plate; SPP). Inside the dermal papillae,
erythrocytes flowing through dermal capillaries are appre-
ciated during real-time imaging. Melanocytes are well
demarcated and individually distinguishable from one an-
other, showing long, slender dendrites (Figures 1a and 2). A
faint dark round nucleus can be seen within the cell body
(Figure 1a). A composite image of 16 RCM images obtained at
the level of the SPP clearly illustrates the typical distribution of
melanocytes in alternating rows of greater and lesser cell
density in the interfollicular epidermis, with the adjacent
follicular ostia, as previously described in this animal model
(Allan et al., 1995) (Figure 3). Next to the melanocytes and
above the rete pegs, small polygonal cells with dark nuclei
and relatively brighter cytoplasm are appreciated, represent-
ing cells of the stratum spinosum, that is, basal keratinocytes
(Figure 1a). Above this layer, a delimited stratum spinosum is
absent and there is a rapid transition to bigger polygonal to
round cells of the stratum granulosum (Figure 1d). The stratum
corneum is the final most superficial image, visible as a highly
refractile bright layer with dark lines, representing grouped
corneocytes separated by skin folds.
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Figure 1. RCM visualization of the development of pigment induction in UVR-exposed guinea-pig skin. (a and d) RCM images of non-irradiated (control) skin.
(a) SPP with melanocytes visible as bright dendritic cells (white arrowheads). The stratum spinosum, composed of small polygonal cells with a dark nucleus and
a brighter ring of cytoplasm (arrows), is seen adjacent to the melanocytes. Some dendrites viewed in cross-section are seen as bright ‘‘dots’’ (striped arrowhead).
(d) Round larger cells of the stratum granulosum (arrows), containing a dark center (nucleus) with a ring of brighter cytoplasm. Some dendrites viewed in cross-
section are seen as bright ‘‘dots’’ (arrowheads). (b and e) RCM images 4 days after starting irradiation; skin shows no clinically visible tanning (three out of four
animals). (b) Melanocytes have heavier cell bodies (arrows). Image brightness is lower due to epidermal hyperplasia. (e) A defined cellular layer emerged
showing keratinocytes in different degrees of melanization (arrows). Note that cell size corresponds to cell size of spinous cells in (a), revealing cells to belong
to the stratum spinosum. Many dendrites viewed in cross-section appeared as small bright ‘‘dots’’ (arrowheads), showing increased dendricity of melanocytes.
(c and f) RCM images 3 weeks after starting irradiation; skin has clinically visible tanning. (c) SPP: melanocytes (arrows) are increased in size and number, and
pigmented keratinocytes of the stratum spinosum can be seen next to them (arrowheads). (f) Stratum spinosum, consisting out of pigment-loaded keratinocytes
(arrows). In some cells, the nucleus can still be seen as a dark round center (arrowheads). Bars¼ 25mm.
Figure 2. Original magnification (3) of a melanocyte in non-irradiated
guinea-pig skin. Bar¼ 75mm.
Figure 3. Composite of 16 RCM images shows typical striated anatomy
of guinea-pig skin. Note three bands of interfollicular skin containing
melanocytes (arrows) with follicular ostia (arrowheads) in between.
Bar¼100 mm.
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Melanocytes and epidermis of irradiated skin
After 4 days of irradiation, when only faint erythema and no
clinical tanning was yet visible (three out of four animals,
data not shown), RCM could already detect distinct
pigmentary changes (Figure 1b and e; see also Video S2).
Imaging at a level above the SPP revealed a delimited layer of
small cells as in the stratum spinosum of non-irradiated skin
(Figure 1a), representing a well-defined stratum spinosum. In
this layer, keratinocytes contained highly refractile material,
indicating melanin transfer to keratinocytes (Figure 1e). These
pigmented keratinocytes were found either adjacent to or just
above the melanocytes. Between these keratinocytes, many
small bright ‘‘dots’’ appeared (Figure 1e), that could be
followed to a melanocyte cell body during real-time imaging,
revealing them as dendrites in cross-sections. This indicates
the increased dendricity of melanocytes in irradiated
compared to non-irradiated skin. In the basal layer, melano-
cytes have larger cell bodies (Figure 1b). The overall
brightness of the SPP images was lower than that in non-
irradiated skin (Figure 1b vs a). However, melanocytes
remained recognizable by their suprapapillary location and
dendritic shape.
Images obtained in weeks 2, 3, and 4 show dramatic
changes in melanocyte aspect and keratinocyte pigmenta-
tion, coinciding with the presence of a clinically visible
tanning response (Figure 1c and f; see also Video S3). The
spinous layer is dominated by bright round structures,
representing melanin-loaded keratinocytes (Figure 1f). At
the level of the SPP, melanocytes are increased in size,
dendricity, and seemingly also in number, making it hard to
distinguish individual cells from one another (Figure 1c).
These pigmentary changes persist relatively unchanged until
the end of the experiment (week 4), when biopsies were
taken.
Correlation of RCM images with DOPA-stained epidermal
sheets
By comparing RCM images of week 4 to DOPA-stained
epidermal sheets from biopsies taken in week 4, RCM images
showed an excellent correlation with DOPA-stained epider-
mal sheets, confirming the interpretation of RCM images.
DOPA-stained non-irradiated skin showed melanocytes
that were slender and individually perceptible (Figure 4b), as
seen in the RCM images from these skin sites (Figure 4a). In
contrast, the en face sections of DOPA-stained irradiated
epidermis showed larger melanocyte cell bodies, increased
dendricity, and seemingly an increase in melanocyte number
(Figure 4d), in agreement with the RCM images (Figure 4c).
Pigmentary changes in non-irradiated skin during follow-up
During the post-irradiation follow-up period, non-irradiated
skin developed changes suggestive of a slight pigmentation
response. Keratinocytes located close to melanocytes showed
an increasingly refractile perinuclear cytoplasmic ring,
suggesting increased melanization (Figure 5). Melanocytes
also seemed to have an increase in brightness and dendricity,
as seen by an increase in white ‘‘dots’’ in the epidermis.
Clinically, no pigmentary changes could be seen in the
guinea-pig skin. These subtle changes are reminiscent of the
previously reported increased pigmentation in the non-
irradiated control ear of mice subjected to repeated UV
exposure that was statistically above basal levels, although
only a fraction of the increase was observed in the irradiated
contralateral ear, and was interpreted to reflect the release of
a systemic and melanization signal (Rosdahl and Szabo,
1978).
Quantification of increase in suprapapillary epidermal thickness
Suprapapillary epidermal thickness was measured in both
irradiated and non-irradiated skin during RCM imaging. After
4 days, epidermal thickness doubled in irradiated skin
compared to non-irradiated (control) skin, and remained
higher at all time points of RCM imaging (Po0.05) (Figure 6),
although it diminished slightly by week 4.
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Figure 4. Images at the SPP correlate well with DOPA-stained epidermal
sheets. (a) RCM image of non-irradiated skin shows few melanocytes that
are individually distinguishable, similar to (b) melanocytes in DOPA-stained
epidermal sheets. (c) Irradiated skin shows increased number and dendricity
of melanocytes seen with RCM, which corresponds to (d) the appearance of
melanocytes in DOPA-stained epidermal sheets of irradiated skin. Note the
parallel between increased brightness in RCM images and increased darkness
in DOPA sheets, both indicating increased melanization. Bars¼ 25mm.
Figure 5. Non-irradiated skin shows mild pigmentary changes in weeks 2–4.
Melanocytes (arrowheads) show increased dendricity compared to week 1
(Figure 1a). Note that the adjacent spinous cells (arrows) developed a bright
cytoplasm compared to week 1, indicating melanization. The dark round
nucleus can be appreciated. Bar¼ 25mm.
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Epidermal thickness in non-irradiated skin increased slightly
after day 4, and remained slightly higher through week 4,
possibly in parallel with the increase in melanization
described above.
DISCUSSION
RCM is a non-invasive imaging tool based on inherent
differences in refractive indices of cellular structures in the
skin (Rajadhyaksha et al., 1995, 1999a). The high refractivity
of melanin makes it the best endogenous contrast agent in the
skin (Rajadhyaksha et al., 1995), causing melanocytes and
other melanin-containing cells to be visible as bright
structures on RCM images compared to their surroundings.
Compared to other non-invasive imaging techniques such as
high-frequency ultrasound and optical coherence tomo-
graphy, RCM offers the highest resolution and provides
images comparable to routine histology (Gonzalez et al.,
2003). Hence, it is an ideal method to study pigmentation
non-invasively. Conversely, it is the optical sectioning of
confocal microscopy that allows cells lying beneath the
surface of the human tissue to be imaged without removing or
cutting it. In contrast, conventional transmission microscopes
do not perform optical sectioning; tissue must be biopsied
from a patient and thin physical sections of the tissue must be
cut from the biopsy specimen with a microtome to be
prepared and stained before viewing.
The interpretation of RCM images is based on pattern
recognition that can be easily mastered with training. Based
on histological knowledge of skin anatomy, the shape and
relative brightness of a structure combined with its location in
the epidermis give the clue to the interpretation of the
observed structures. Interpreting still RCM images, however,
is more difficult than real-time images because the advantage
of the three-dimensional view of structures located in relation
to one another is lost. Comparison of the real-time imaging
procedures (see the video clips) to the corresponding still
images from Figure 1 reinforces this conclusion.
Different animals and guinea-pig strains have been
reported to be used for pigmentation detection with RCM
(Yamashita et al., 2005). Wang et al. (2002) assessed
melanocyte characteristics such as number, cell body size,
and dendricity in non-irradiated guinea-pig skin with RCM. In
this study, we assessed the time course of UVR-induced
pigmentation and epidermal hyperplasia in the guinea-pig
animal model by in vivo RCM. RCM could clearly distinguish
three major changes in irradiated versus non-irradiated skin:
(i) an increase in melanocyte size, dendricity, and apparent
number; (ii) the increase of pigment within keratinocytes; and
(iii) an increase in epidermal thickness. Irradiated skin
showed more and larger melanocytes with an increase in
dendricity compared to non-irradiated skin (Figure 1a vs c)
known responses of both guinea-pig skin (Bolognia et al.,
1990) and human skin (Gilchrest et al., 1996) to UVR. Our
observations were confirmed by correlating RCM images
with en face sections of DOPA-stained epidermal sheets
obtained at the end of the study (Figure 4). In the suprabasal
compartment, irradiated skin showed an abundance of
round, highly refractile cells in the spinous layer, indicating
the known increased melanization of keratinocytes after UVR
exposure (Bessou et al., 1995), whereas these pigmented
keratinocytes could not be found in the epidermis at the start
of the study (Figure 1d vs f). These RCM observations are
consistent with the appearance of a clinically visible tan that
was first detected approximately 6 days after beginning UVR
exposures, similar to the time course of delayed tanning seen
in human skin (Gilchrest et al., 1996).
However, RCM detected pigmentary changes in irradiated
skin in three of four guinea-pigs studied before they
developed a clinically visible tan (Figure 1b and e). Most
striking was the appearance of bright round structures located
beside and above melanocytes in the suprabasal layer (Figure
1e), similar to the pigmented keratinocytes seen in tanned
skin (Figure 1f). We also detected an increase in dendrites as
small bright ‘‘dots’’ in the suprabasal layer (Figure 1e). Images
of the basal layer in week 1 yielded images with decreased
brightness, which we concluded to be a result from UVR-
induced hyperplasia allowing less penetration and reflection
of laser light to visualize the SPP. Therefore, we could not
employ a constant laser power, but instead adjusted the
power according to the need per imaging site in order to
obtain sufficient power to illuminate and visualize the foci of
our interest. Laser powers usually varied roughly between 15
and 25 mW. Still, melanocytes could be detected, based on
recognition of their shape, location, and relative brightness.
RCM also detected increased melanocyte dendricity and
pigmentation of spinous cells in non-irradiated skin during
the course of the study, whereas no pigmentary changes were
appreciated clinically (Figure 5). Although unexpected at
first, these findings support observations that pigment
induction may occur indirectly in non-irradiated skin of both
mice (Rosdahl and Szabo, 1978) and humans (Stierner et al.,
1989), presumably via local or systemic release of cytokines
by irradiated keratinocytes and fibroblasts (Gilchrest et al.,
1996). Alternatively or in addition, in the present experiment,
the repetitive irritation from the depilation process resulted in
a subclinical post-inflammatory hyperpigmentation response
(Bolognia et al., 1990). Regardless, these observations
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Figure 6. Epidermal thickness is significantly greater in irradiated versus
non-irradiated (control) skin (Po0.05), indicating quantification of UVR-
induced hyperplasia by RCM. The epidermal thickness, defined as the
distance between stratum corneum and the top of the SPP, was quantified in
week 1 to week 4 (Y-axis: mean7standard error of the mean, n¼ 18–25).
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establish that RCM is sensitive enough to detect subtle
pigmentary changes in melanocytes and keratinocytes, even
in clinically normal skin.
We did not quantify the changes occurring in melanocytes
and keratinocytes, because individual discernment of these
cells in irradiated skin was difficult due to their abundance.
A computer-assisted analysis system could be employed to
quantify changes in brightness, representing changes in
melanization of skin (Gambichler et al., 2004). However,
as stated before, brightness of images is influenced by
epidermal thickness, posing a complication to this technique.
We quantified epidermal thickness and found a significant
increase in irradiated skin during the entire period of 4 weeks
(Figure 6). RCM imaging revealed that this increase was partly
due to the development of spinous layers in irradiated skin
(Figure 1e and f). During weeks 2–4, the image brightness
increased again, which can be explained by the combination
of increased melanin production by melanocytes and
decreased epidermal hyperplasia (Figure 6), allowing a better
reflection of light. The thickness of the stratum corneum was
not quantified separately, because we considered this
parameter unreliable due to repetitive removal through
chemical depilation during the study. Guinea-pig skin thus
has a proliferative response of viable epidermis to UVR,
similar to human skin (Walker et al., 2003), making it a useful
model to study UVR-induced epidermal hyperplasia as well.
In conclusion, RCM is a sensitive method to detect
pigmentary changes in melanocytes and keratinocytes, even
when not visible to the naked eye, as well as in clinically
tanned guinea-pig skin. Changes in melanocytes and
keratinocytes could be perceived separately. Epidermal
hyperplasia occurring in a similar way as in human skin
was quantified, making this a useful model for UVR-induced
epidermal hyperplasia. Owing to its non-invasive, painless
character, this technique is ideal to follow UVR-induced skin
changes occurring over time. This opens new possibilities to
study non-invasively the effects of pigment induction and
modulation in this model. Moreover, RCM may provide a
novel approach to examine non-invasively the changes in
skin pigmentation in human subjects.
MATERIALS AND METHODS
Animals
Outbred pigmented guinea-pigs, American Shorthair X Abyssinian
(Kuiper Rabbit Ranch, Chicago, IL), aged 12–20 weeks at the
beginning of the study were selected. Animals had free access to
chow and chlorinated water. Animals were shaved with an electric
clipper (Oster, number 40 blade, Niles, IL) to remove long hair.
Remaining stubble was removed with the commercially available
depilatory Nair (Carter-Wallace, New York, NY), which was
repeated at least once weekly.
Irradiation procedure
A 1,000 W xenon arc lamp (Oriel Corp, Stratford, CT) emitting a
collimated beam, equipped with a WG 305 cut-on filter (Schott
Glas, Mainz, Germany) and a first surface mirror (Edmund Scientific,
Barrington, NJ), was used as a solar simulator. The irradiance as
measured by an IL 1700 research radiometer (International Light,
Newburyport, MA), fitted with a UVB probe (SED 240, serial number
2,093, SCS 280 UVB 1#5,440, W#3,790), was 0.17 mW/cm2. All
animals were irradiated once a day for 7 days with 150 mJ/cm2
through an adhesive template stuck on the hairless back exposing a
square of 3.2 cm2, resulting in dark tanning by the end of the
exposure period (Park et al., 2004). An adjacent covered (non-
irradiated) skin site at a distance of 2–3 cm served as control.
A 0.3 ml solution of 0.25 ml ketamine (50 mg/ml; Bedford Laboratories,
Bedford, OH) and 0.05 ml xylazine (100 mg/ml; Lloyd Laboratories,
Shenandoah, IA) was used to anesthetize the animals before irradiation
and RCM imaging. Animal protocols were approved by the
Institutional Review Board and met all the guidelines of the
Institutional Animal Care and Use Committee at Massachusetts
General Hospital Use and Care of Animals policy.
In vivo RCM
We used a commercially available RCM (Vivascope 1000, Lucid
Inc., Henrietta, NY) equipped with an 830 nm diode laser of
maximal power of 25 mW and a 30water-immersion objective
lens of numerical aperture 0.9. After anesthetizing the animals,
irradiated and non-irradiated sites were imaged with RCM during a
10–15-min procedure as described previously (Rajadhyaksha et al.,
1999b). In vivo RCM imaging was first performed in week 1 after 4
days of irradiation, and was repeated once weekly during the follow-
up of the study until week 4.
The imaging procedure was video-taped, and video-clips of the
non-irradiated skin, the skin irradiated for 4 days but showing no
clinical tanning, and the skin 3 weeks after irradiation with visible
tanning were compiled, and are provided as Supplementary
Material.
Quantification of epidermal thickness
As the objective lens is attached to a micrometer, movement of the
lens between two (in focus) points within the skin can be measured,
thus allowing measurement of epidermal thickness. The epidermal
thickness was defined as the distance between the bottom of the
stratum corneum and the top of the SPP, which is defined as the
basal layer located above a dermal papilla (Huzaira et al., 2001).
During each imaging procedure, the epidermal thickness above at
least four SPPs was measured in irradiated and non-irradiated skin.
The mean value of these measurements was calculated and
represented the suprapapillary epidermal thickness.
Histochemical procedure
Punch biopsies (4 mm) were obtained in week 4 at the end of the
study from irradiated and non-irradiated skin. Each biopsy was
placed, epidermal side down, onto a coverslip covered with a thin
layer of permount. The biopsy with coverslip was immersed in 2 M
sodium bromide solution for 2 hours at 371C, after which the dermis
was separated from the epidermis (Staricco and Pinkus, 1957). This
method was chosen by virtue of our ample experience with it (Wang
et al., 2002). The coverslip with the epidermal sheet was rinsed three
times with 0.1 M sodium phosphate buffer (pH 7.4), and was then
immersed in 0.1% DOPA solution at 371C for 4–6 hours, while
changing the solution after the first 30 minutes and then every
2 hours. The epidermis was checked under the microscope every
hour until a dark-brown color developed in at least one of the paired
sections. All paired specimens were then fixed in 10% formalin.
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Epidermal sheets were evaluated and correlated with RCM images
obtained at the level of the SPP at week 4.
Statistical analysis
Epidermal thickness in irradiated and non-irradiated skin was
compared using the repeated measures multivariate analysis of
variance with one within factor and one between factor. Data
analyses were conducted using SPSS software (SPSS Inc., Chicago,
IL, www.spss.com). Differences were considered statistically
significant when Po0.05.
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SUPPLEMENTARY MATERIAL
Video S1. Non-irradiated skin.
Video S2. 4 days after irradiation, no visible tanning.
Video S3. 3 weeks after irradiation, with visible tanning.
Each video is composed out of a number of clips. A timer is seen in the right
corner, and explanation of each clip is given with the help of this timer. For
each clip, a cartoon representing skin is given at the end showing the level at
which imaging was performed. The videos are composed out of imaging from
different guinea pigs.
REFERENCES
Allan AE, Archambault M, Messana E, Gilchrest BA (1995) Topically applied
diacylglycerols increase pigmentation in guinea pig skin. J Invest
Dermatol 105:687–92
Bessou S, Surleve-Bazeille JE, Sorbier E, Taieb A (1995) Ex vivo reconstruction
of the epidermis with melanocytes and the influence of UVB. Pigment
Cell Res 8:241–9
Bolognia JL, Murray MS, Pawelek JM (1990) Hairless pigmented guinea pigs: a
new model for the study of mammalian pigmentation. Pigment Cell Res
3:150–6
Gambichler T, Sauermann K, Altintas MA, Paech V, Kreuter A, Altmeyer P,
Hoffmann K (2004) Effects of repeated sunbed exposures on the human
skin. In vivo measurements with confocal microscopy. Photodermatol
Photoimmunol Photomed 20:27–32
Gilchrest BA, Park HY, Eller MS, Yaar M (1996) Mechanisms of ultraviolet
light-induced pigmentation. Photochem Photobiol 63:1–10
Gonzalez S, Swindells K, Rajadhyaksha M, Torres A (2003) Changing
paradigms in dermatology: confocal microscopy in clinical and surgical
dermatology. Clin Dermatol 21:359–69
Huzaira M, Rius F, Rajadhyaksha M, Anderson RR, Gonzalez S (2001)
Topographic variations in normal skin, as viewed by in vivo reflectance
confocal microscopy. J Invest Dermatol 116:846–52
Imokawa G, Kawai M, Mishima Y, Motegi I (1986) Differential analysis of
experimental hypermelanosis induced by UVB, PUVA, and allergic
contact dermatitis using a brownish guinea pig model. Arch Dermatol
Res 278:352–62
Park HY, Lee J, Gonzalez S, Middelkamp-Hup MA, Kapasi S, Peterson S,
Gilchrest BA (2004) Topical application of a protein kinase C inhibitor
reduces skin and hair pigmentation. J Invest Dermatol 122:159–66
Rajadhyaksha M, Anderson RR, Webb RH (1999a) Video-rate confocal
scanning laser microscope for imaging human tissues in vivo. Appl Opt
38:2105–15
Rajadhyaksha M, Gonzalez S, Zavislan JM, Anderson RR, Webb RH (1999b)
In vivo confocal scanning laser microscopy of human skin II: advances in
instrumentation and comparison with histology. J Invest Dermatol
113:293–303
Rajadhyaksha M, Grossman M, Esterowitz D, Webb RH, Anderson RR (1995)
In vivo confocal scanning laser microscopy of human skin: melanin
provides strong contrast. J Invest Dermatol 104:946–52
Rosdahl IK, Szabo G (1978) Mitotic activity of epidermal melanocytes in UV-
irradiated mouse skin. J Invest Dermatol 70:143–8
Staricco RJ, Pinkus H (1957) Quantitative and qualitative data on the pigment
cells of adult human epidermis. J Invest Dermatol 28:33–45
Stierner U, Rosdahl I, Augustsson A, Kagedal B (1989) UVB irradiation
induces melanocyte increase in both exposed and shielded human skin.
J Invest Dermatol 92:561–4
Yamakoshi J, Otsuka F, Sano A, Tokutake S, Saito M, Kikuchi M, Kubota Y
(2003) Lightening effect on ultraviolet-induced pigmentation of guinea
pig skin by oral administration of a proanthocyanidin-rich extract from
grape seeds. Pigment Cell Res 16:629–38
Yamashita T, Kuwahara T, Gonzalez S, Takahashi M (2005) Non-invasive
visualization of melanin and melanocytes by reflectance-mode confocal
microscopy. J Invest Dermatol 124:235–40
Yoshida M, Hirotsu S, Nakahara M, Uchiwa H, Tomita Y (2002) Histamine is
involved in ultraviolet B-induced pigmentation of guinea pig skin.
J Invest Dermatol 118:255–60
Walker SL, Hawk JLM, Young AR (2003) Acute and chronic effects of
ultraviolet radiation on the skin. In: Fitzpatrick’s dermatology in general
medicine. (Freedberg IM, Eisen AZ, Wolff K, Austen KF, Goldsmith LA,
Katz SI, eds). 6th ed. New York, NY: McGraw-Hill Companies Inc.,
1275–82
Wang LT, Demirs JT, Pathak MA, Gonzalez S (2002) Real-time, in vivo
quantification of melanocytes by near-infrared reflectance confocal
microscopy in the guinea pig animal model. J Invest Dermatol 119:
533–5
www.jidonline.org 407
MA Middelkamp-Hup et al.
RCM Detects UV-Induced Pigmentary Epidermal Changes
